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ABSTRACT 



Process for separating water from a gas mixture, ob- 
tained in the manufacture of vinyl acetate by reacting 
ethylene with acetic acid and oxygen in contact with 
catalysts containing palladium or palladium compounds 
in the gaseous phase said gas mixture consisting essen- 
tially of acetic acid, vinyl acetate, water, carbon dioxide 
and ethylene, wherein 

(a) the gas mixture leaving the reaction zone is con- 
densed to give a condensate containing the major 
portion of acetic acid, vinyl acetate and water and 

(b) an acetic acid solution containing the residual 
amount of vinyl acetate and water being prepared 
by absorption of the non-condensed gas in acetic 
acid, is characterized in that 

(c) the condensate obtained in step (a) and the solu- 
tion obtained in step (b) are introduced separately 
from each other into the same distillation column, 
the feeding point of the condensate being above the 
feeding point of the solution, the water is distilled 
off at the head of said column as azeotrope together 
with the vinyl acetate and 

(d) the water phase is removed from the distillate 
separating into a water phase and a vinyl acetate 
phase. 

2 Claims, 1 Drawing Figure 
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PROCESS FOR SEPARATING WATER FROM 
MIXTURES THEREOF WITH VINYL ACETATE 
AND ACETIC ACID 

It is known to manufacture vinyl acetate by reaction 
_of ethylene with acetic acid and oxygen or oxygen-con- 
taining pases in thft pappus phase in contact with solio) 
bed catalysts. In general, ih* r eaction is carried out 



under pressures of from 1 to 25 bar and at temperatures io 
of from 100° to 250° C. Suitable catalysts contain a 
noble metal component and an activator component. 
The noble metal component consists of palladium and- 
/or compounds thereof, it may additionally contain 
gold or compounds thereof. The activator component 15 
consists of compounds of elements of the first main 
group and/or the second main group of the periodic 
table and/pr cadmium. The active components are 
finely distributed on the carrier material, which is, in 
general, silicic acid or aluminium oxide. 20 

The catalyst usually has a palladium content of from 
0.5 to 5% by weight. 

If gold or a gold compound is used, it is added in an 
amount of from 0.01 to. 4% by weight. 

Each individual activator is normally added also in an 25 
amount of from 0.01 to 4% by weight. In each case the 
percentages indicate the metal portion of the respective 
component, calculated on the total amount of supported 
catalyst. The following catalysts are preferred: palladi- 
um/alkali metal/cadmium and palladium/gold/alkali 30 
metal. The finished catalyst may contain palladium and 
gold in metal form or as compounds. As alkali metal 
potassium is preferred (in the form of a carboxylate). 

Especially preferred are palladium acetate/potassium 
acetate/cadmium acetate and palladium acetate/barium 35 
acetoaurate/potassium acetate catalysts. 

As a result of stoichiometry one mol of water is 
formed for each mol of vinyl acetate: 

CHi^CH!* i02+CH 3 COOH7CH2=> 
CHOOC.CH3+H2O 40 

Owing to the fact that part of the reacted ethylene is 
oxidized to give CO2 and water 

CH2=CH2+302?2CO 2 +2H 2 0 45 
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more than 1 mol of water is formed for each mol of 
vinyl acetate. In general, the weight of the water 
formed is approximately one fourth of the weight of the 
^vinyl acetate produced. 50 
The mixture used for the reaction contains a manifold 
molar excess of ethylene oyer the stoichiometric 
amount. Accor dingly^ t he conversion of ethylene in the 
reactionjs raxher low ana the unreacted ethylene has. '_ 
t herefore, to be recycled into the reaction. When the 5 5 
ga s mixture Has lett the reactor, the vinyl acetate is"* 
'separated thereirom in two or more stages. The hot ~- 
reacti on mixture kaviug the leactor and consisting 
essentially or unreacted ethylene, unreacted acetic acid, 
unreacted oxygen, vinyl acetate, reaction water, CO2 60 
and inert substances introduced with oxygen and ethyl- 
ene (for example N2 and argon) i s first cooled, wh ereby 
the main portion of acetic acid, vinyl acetate and water 
is condensed. In the following the liquid mixture ob- 
tained is named "condensate". According to the partial 65 
pressure part of the vinyl acetate (and of acetic acid and 
water) remains in the residual gas which has not been 
condensed and which mainly consists of ethylene, CO2 




and inert components. The latter vinyl acetate portion is 
removed from the residual gas prior to its recycling into 
the reaction in a wash tower operated with acetic acid 
as absorption liquid. The solution formed, named in the 
following also "run-off of sump of acetic acid wash" is 
combined according to the state of the art with the 
condensate to give the so-called "crude vinyl acetate." 
The condensate contains about 15 to 30% by weight of 
vinyl acetate and 6 to 11% by weight of water, the 
balance being acetic acid and traces of other by-pro- 
ducts such as ethyl acetate, ethylene diacetate and acet- 
aldehyde. The amount of condensate is equal to about 1 
to 3 times the amount of the run-off of the sump of the 
acetic acid wash, which contains about 15 to 30% by 
weight of vinyl acetate and 1 to 3% by weight of water, 
that is to say contains less water than the condensate. 
The remainder of said run-off essentially consists of 
acetic acid. The crude vinyl acetate formed of the con- 
densate and the run-off of the acetic acid wash contains 
about 15 to 30% by weight of vinyl acetate, 5 to 8% by 
weight of water, the remainder essentially being acetic 
acid. The crude vinyl acetate is separated by distillation 
into pure vinyl acetate and acetic acid which is recycled 
into the reaction. 

The crude vinyl acetate is usually worked up by 
distillation according to two known processes. In one 
process (for example as disclosed in DE-OS Nos. 
1,807,738 and DE-OS 1,768,412) vinyl acetate and 
water are distilled off at the head of a first column and 
acetic acid is discharged as sump product. The distillate 
separates into two phases of which the water phase is 
removed. Part of the vinyl acetate phase is used as re- 
flux and simultaneously serves to form an azeotrope 
with the water to be distilled at the head. The remaining 
portion of the vinyl acetate phase (saturated with water) 
is dried in a second column by distilling off part thereof 
as azeotrope at the head together with the water still 
contained therein. The remainder passes into the anhy- 
drous sump of the second column and is worked up in a 
third column to pure vinyl acetate which distills at the 
head and high boiling components and polymers which 
are discharged from the sump. 

In the second process for working up crude vinyl 
acetate, as disclosed in DE-PS Nos. 1,282,014 and 
DE-PS 1,668,063, the water is distilled off in a first 
column using vinyl acetate for forming an azeotrope, 
the water phase is removed from the distillate separat- 
ing into two phases and the total amount of the vinyl 
acetate phase is recycled into the column. According to 
a special embodiment of this process the column is pro- 
vided with a head for the separation of low boiling 
components (for example acetaldehyde) having a boil- 
ing point below that of vinyl acetate. In this case vinyl 
"acetate and water are discharged at a point below the 
head and transferred to a phase separator. The water 
phase is again discharged and the vinyl acetate phase is 
^recycled into the column at a point below the discharge 
of vinyl acetate/water: The low boiling constituents 
can be removed directly at the top of the column head 
in this case. As sump product an anhydrous mixture of 
vinyl acetate/acetic acid is discharged which is sepa- 
rated in a second column into pure vinyl acetate (head 
product) and acetic acid (sump product). 

In these two processes for working up the separation 
of the water requires 60 to 80% of the total energy 
necessary for the manufacture of pure vinyl acetate. 
Any improvement in the distillative water separation 
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therefore constitutes a considerable improvement. The 
percentage of water in the distillate of the column for 
azeotropic dehydration is a measurement for the energy 
consumption. A high water concentration in the distil- 
late means that a smaller amount of vinyl acetate has 
evaporated in the azeotropic dehydration and that, 
consequently, less energy has been consumed than in 
the case of a lower water concentration in the distillate! 

It is the object of the present invention to provide a 
process wherein the energy consumption for the dehy- 
dration of the crude vinyl acetate is considerably dimin- 
ished. 

The process for separating water from the gas mix- 
ture, obtained in the manufacture of vinyl acetate by 
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either together with the condensate via valve (10) and 
conduit (3) (comparison) at the 45th tray or it is fed 
separately therefrom to the 30th tray (according to the 
invention) via conduit (11) and valve (12). The vapors 
issuing at the head of column (1) are passed through 
conduit (13) into water cooler (14) and the distillate 
liquefied in the cooler passes through conduit (15) into 
reservoir (16), in which it separates into two phases. 
The lower aqueous phase (17) is withdrawn through 
conduit (18) and. rejected. The vinyl acetate phase (19) 
is discharged through conduit (20). It is recycled to the 
head of column (1), in the manner described in the 
aforesaid second process for vinyl acetate work-up, via 
pump (21) and flow meter (22)-after having removed a 



, w Yuiji o^fcLaic uy pump ana now meter ^j-aner naving removed a 

reacting ethylene with acetic acid and oxygen in the 15 small part via conduit (23) and flow meter (24) for re- 

liaseOUS Ohase in Contact with Cfltfllvstsnnntaininanana- r^^w^rr „f *„tj' r j __ _ 



gaseous phase in contact with catalysts containing palla 
drum or palladium compounds and consisting essen- 
tially of acetic acid, vinyl acetate, water, carbon dioxide 
and ethylene, wherein 

(a) the gas mixture leaving the reaction zone is con- 
densed to give a condensate containing the main 
amount of acetic acid, of vinyl acetate and of water and 

(b) an acetic acid solution containing the residual 
amount of vinyl acetate and water i$ prepared by ab- 
sorption of the non-condensed gas in acetic acid, com- 
prises 

(c) introducing the condensate obtained in step (a) 
and the solution obtained in step (b) separately from 
each other into the same distillation column, the feeding 



moving small amounts of acetaldehyde formed as a 
result of vinyl acetate hydrolysis. A stabilizer solution 
from reservoir (25) is introduced at the head of column 
(1) via conduit (26), pump (27), flow meter (2*) and 
20 conduit (20). The liquid level in the sump (29) of column 
(1) is kept constant by discharging appropriate amounts 
of anhydrous vinyl acetate/acetic acid mixture via con- 
duit (30) and flow meter (31). 

25 COMPARATIVE EXAMPLE 

The unit described above is used. Reservoir (2) con- 
tains a mixture of 30% by weight of vinyl acetate, 1 1 % 
by weight of water, 59% by weight of acetic acid (con- 
densate obtained by cooling the gas mixture leaving a 



w — „ „_.„w wmiuii, my ucuaaic uuLauicu oy cooling me gas mixture leaving a 

point of the condensate being above the feeding point of 30 vinyl acetate reactor); Reservoir (6) contains a mixture 
the solution, distilline off the water at thp h*»aH nfcniH . «f inoL k», ...^-.i* ~c « • . 



of 30% by weight of vinyl acetate, 2% by weight of 
water and 68% by weight of acetic acid (run-off of 
sump of acetic acid wash of the non condensed residual 
gas)- 

The 45 th tray of column (1) is charged with 1,000 
g/hr of the mixture of reservoir (2) and, with valve (10) 
being open and valve (12) being closed, with 600 g/hr 
of the mixture of reservoir (6), which corresponds to a 
total feed at the 45th tray of column (1) of 1,600 g/hr 



the solution, distilling off the water at the head of said 
column as azeotrope together with the vinyl acetate and 
(d) removing the water phase from the distillate sepa- 
rating into a water phase and a vinyl acetate phase. 

Pure vinyl acetate is then obtained from the vinyl 35 
acetate phase, for example in the manner described in 
one of the two aforesaid distillation processes. 

In step (a) the gas mixture is usually cooled to 15° to 

50° C, preferably 25* to 40' C. In step (b) the residual tuuu icca at me ran iray oi column m or 1 WU g/hr 

vinyl acetate and water are normally absorbed in a wash 40 containing 30% by weight of vinyl acetate, 7.6% by 

column in acetic acid as absorption agent. The distilla- weight of water and 62.4% by weight of acetic acid, 

tion column used in step (c) usually has 50 to 80 trays The heating of the sump of column (1) is adjusted in 

and the feedinjg pomts for the condensate and the solu- such a manner that 2,400 g/hr of organic phase are 

tion are normally separated from each other by 4 to 30 collected in collecting vessel (16). The entire amount of 

and preferably 6 to 20 trays. Generally, the feeding 45 organic phase (19) is recycled to the head of column (1) 

point of the condensate is at least 5 trays below the head via pump (21) and How meter (22). 20 g/hr are with- 

of the column and at least 30 trays above the sump of drawn from this reflux via flow meter (24). 

the column ■ • A solution of 1% by weight of hydroquinone in vinyl 

fly introducing the condensate of step (a) having a acetate from reservoir (25) is pumped into the head of 

higher water content and the solution of step (b) having 50 column (1) in an amount of 20 g/hr 

a lower water content at different points of the column 1,500 g/hr of vinyl acetate/acetic acid rnixture con- 
taining 1.9% by weight of water are discharged from 
the sump of column (1). 

~ "7, ™ ; 7 7: - " ^ collecting vessel (16) 95 g/hr of aqueous phase (17) / 

The following examples illustrate the invention. They 55 are obtained corresponding to 3.8% of the total distil- 

are earned out in a unit as shown diagrammatically in ' - 1 

the drawing. 

GENERAL TEST CONDITIONS WITH 
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a distillate is obtained which has a much higher water 
content than that of a process with common feeding 
according to the state of the art. 



REFERENCE TO THE DRAWING 
A bubble tray column (1) made from glass and pro- 
vided with vacuum jacket, electric sump heating, 60 
trays, internal diameter 50 mm, is charged at the 45th 
tray with condensate (rich in water) from reservoir (2) 



late (aqueous plus organic phase). 

EXAMPLE 

The process is carried out as described in the compar- 



60 ative example with the exception that the two mixtures 
are introduced at different points of column (1). The 
mixture from reservoir (2) is fed at the 45th tray of 
column (1) as in the comparative example whereas the 
mixture from reservoir (6) is fed, with valve 10 being 



* - — \ — / *w^aT Wi * w miAiuic irum reservoir \o) is iea, wiui valve 1U being 

through conduit (3) and via pump (4) and flow meter 65 closed and valve (12) being open, to the 30th tray of 

(5h Discharged nin-nff nf enmn /Wine •» .i, 4 tn^ «f *U™ i r-,\ t-o rt « „ . / -.. . 



(5). Discharged run-off of sump (poor in water) of the 
acetic acid wash from reservoir (6) is introduced into 
column (1) via conduit (7), pump (8) and flow meter (9) 



column (1). 1,480 g/hr of vinyl acetate/acetic acid mix- 
ture having a water content of 0.3% by weight are 
discharged from the sump of column (1). 
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In collecting vessel (16) 2,400 g/hr of organic phase 
(19) and 120 g/hr of aqueous phase (17), in other words 
4.8% by weight of the total distillate, are aqueous phase. 

As compared with the comparative example, the 
water concentration (i.e. the proportion by weight of 5 
aqueous phase) in the distillate has been increased from 
3.8% by weight to 4.8% by weight, which corresponds 
to a relative increase of about 25%. 

This means a saving of distillation. energy, calculated 
on the total distillation (evaporation energy for organic 10 
phase and aqueous phase), of about 20% oyer the com- 
parative example. 

What is claimed is: 

1. In a method for the manufacture of vinyl acetate by 
gaseous phase reaction of ethylene with acetic acid and 15 
oxygen in the presence of a catalyst containing palla- 
dium, or compounds thereof, to form a gaseous mixture 
of acetic acid, vinyl acetate, water, carbon dioxide and 
ethylene as main components wherein said gaseous 

20 



mixture is condensed to form a condensate containing 
the major amount of acetic acid, vinyl acetate and water 
present in said gaseous mixture and absorbing the resid- 
ual amount of vinyl acetate and water in said gaseous 
mixture in acetic acid to form an acetic acid solution, 
the method which comprises feeding separately the 
condensate and the acetic acid solution to a separation 
column containing 50 to 80 trays said condensate being 
fed thereto at a point located 4 to 30 trays above that 
point at which said acetic acid solution is fed to said 
column, forming a distillate of water in the overhead 
stream as an azeotrope with vinyl acetate which distil- 
late forms a water and a vinyl acetate phase and remov- 
ing the water phase therefrom. 

2. The method of claim 1 wherein the condensate is 
fed to said column at a point located 6 to 20 trays above 
that point at which said acetic acid solution is fed to said 
column. 

***** 
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